Abstract Palmitoylation is a posttranslational modification that regulates protein trafficking and stability. In this study we investigated whether the endosomal soluble N-ethylmaleimide-sensitive factor attachment protein receptors (SNARE) proteins syntaxin 7 and syntaxin 8 are modified with palmitate. Using metabolic labeling and sitedirected mutagenesis, we show that human syntaxins 7 and 8 are modified with palmitate through a thioester linkage. Palmitoylation is dependent upon cysteine 239 of human syntaxin 7 and cysteine 214 of syntaxin 8, residues that are located on the cytoplasmic face of the transmembrane domain (TMD). Palmitoylation of syntaxin 8 is minimally affected by the Golgi-disturbing agent brefeldin A (BFA), whereas BFA dramatically inhibits palmitoylation of syntaxin7. The differential effect of BFA suggests that palmitoylation of syntaxins 7 and 8 occurs in distinct subcellular compartments. Palmitoylation does not affect the rate of protein turnover of syntaxins 7 and 8 nor does it influence the steady-state localization of syntaxin 8 in late endosomes. Syntaxin 7 actively cycles between endosomes and the plasma membrane. Palmitoylation-defective syntaxin 7 is selectively retained on the plasma membrane, suggesting that palmitoylation is important for intercompartmental transport of syntaxin 7.-He, Y., and M. E. Linder. Differential palmitoylation of the endosomal SNAREs syntaxin 7 and syntaxin 8. J. Lipid Res. 2009. 50: 398-404. Supplementary key words protein trafficking • fatty acylation • brefeldin A Palmitoylation refers to the posttranslational addition of palmitate to cysteine residues in proteins (1-3). Two features of palmitoylation distinguish it from other covalent lipid modifications that occur in the cytoplasm or on the cytoplasmic face of membranes. First, palmitoylation is reversible. Palmitate is added to proteins through a reversible thioester linkage, whereas myristate and prenyl groups are attached through stable amide and thioether linkages, respectively. Second, palmitoylation is a modification of both integral and peripheral membrane proteins, whereas Nmyristoylation and prenylation almost exclusively are modifications of proteins peripherally associated with membranes.
Abstract Palmitoylation is a posttranslational modification that regulates protein trafficking and stability. In this study we investigated whether the endosomal soluble N-ethylmaleimide-sensitive factor attachment protein receptors (SNARE) proteins syntaxin 7 and syntaxin 8 are modified with palmitate. Using metabolic labeling and sitedirected mutagenesis, we show that human syntaxins 7 and 8 are modified with palmitate through a thioester linkage. Palmitoylation is dependent upon cysteine 239 of human syntaxin 7 and cysteine 214 of syntaxin 8, residues that are located on the cytoplasmic face of the transmembrane domain (TMD). Palmitoylation of syntaxin 8 is minimally affected by the Golgi-disturbing agent brefeldin A (BFA), whereas BFA dramatically inhibits palmitoylation of syntaxin7. The differential effect of BFA suggests that palmitoylation of syntaxins 7 and 8 occurs in distinct subcellular compartments. Palmitoylation does not affect the rate of protein turnover of syntaxins 7 and 8 nor does it influence the steady-state localization of syntaxin 8 in late endosomes. Syntaxin 7 actively cycles between endosomes and the plasma membrane. Palmitoylation-defective syntaxin 7 is selectively retained on the plasma membrane, suggesting that palmitoylation is important for intercompartmental transport of syntaxin 7.-He, Y., and M. E. Linder Palmitoylation refers to the posttranslational addition of palmitate to cysteine residues in proteins (1) (2) (3) . Two features of palmitoylation distinguish it from other covalent lipid modifications that occur in the cytoplasm or on the cytoplasmic face of membranes. First, palmitoylation is reversible. Palmitate is added to proteins through a reversible thioester linkage, whereas myristate and prenyl groups are attached through stable amide and thioether linkages, respectively. Second, palmitoylation is a modification of both integral and peripheral membrane proteins, whereas Nmyristoylation and prenylation almost exclusively are modifications of proteins peripherally associated with membranes.
A key function for lipid attachment to otherwise soluble proteins is to promote their interactions with membranes. Integral membrane proteins are permanently inserted into membranes by virtue of their transmembrane domains (TMDs). For many receptors and ion channels, palmitoylation of cytoplasmic tails creates additional sites of protein-membrane attachment (3) . In other integral membrane proteins, however, the site of palmitoylation is often at one or more cysteine residues near the interface of the cytoplasm and the membrane. The functional consequences of palmitoylating integral membrane proteins are unclear; although evidence is emerging that palmitoylation may impact protein stability (4, 5) .
Several members of the soluble N-ethylmaleimide-sensitive factor attachment protein receptors (SNARE) family of proteins are known to be substrates for palmitoylation (6, 7) . SNARE proteins are mediators of membrane-fusion events in the secretory pathway and endosomal network. The hallmark of SNARE proteins is the SNARE motif, a conserved stretch of 60-70 amino acids, which has a propensity to form coiled-coils. Pairing between cognate SNAREs on opposing membranes results in the formation of a parallel four-helix bundle, which brings the membranes together to allow fusion. Most SNAREs are anchored to membranes by a C-terminal TMD. However, several SNAREs lack TMDs. The neuronal protein synaptic-associated protein of 25 kDa (SNAP-25) and its ubiquitously expressed homolog SNAP-23 bind to membranes through a stretch of palmitoylated cysteine residues present in the interhelical domain that connects two SNARE motifs (8) (9) (10) . Ykt6 associates with membranes through a palmitoylated and farnesylated motif located at the C terminus (11) .
Palmitoylation of SNAREs with TMDs has been reported for multiple yeast SNAREs (4, 12) . First described for Snc1 and Snc2, SNAREs required for fusion of Golgi-derived vesicles with the plasma membrane, a recent survey of the yeast palmitoylproteome revealed that 8 of the 23 S. cerevisiae SNAREs were palmitoylated (13) . These 8 SNAREs have one or more juxtamembranous Cys residues, whereas the remaining 15 SNARE proteins lack them. The eight palmitoylated S. cerevisiae SNAREs reside in the trans-Golgi network, endosomes and the plasma membrane, which are membranes with a rich sterol content. The functional consequences of palmitoylation of the TMD SNAREs are not clear except for Tlg1, which regulates membrane trafficking between endosomes and the Golgi. Palmitoylation of Tlg1 protects it from ubiquitination and subsequent degradation in the yeast vacuole (4) .
It has not been established whether palmitoylation of TMD SNAREs is conserved in mammals. In this study we examined whether syntaxins 7 and 8 are modified with palmitate. Syntaxins 7 and 8 are localized in early and late endosomes and can traffic through the plasma membrane (14) . A SNARE complex of syntaxin 7 and syntaxin 8, vti1b and VAMP8 mediates homotypic fusion of late endosomes (15) (16) (17) . Evidence suggests that syntaxins 7 and 8 also mediate heterotypic fusion of late endosomes with lysosomes in conjunction with vti1b and VAMP7 (18, 19) . We found that syntaxins 7 and 8 are palmitoylated and investigated the functional consequences of this modification. . BFA was stored at 220°C as 2 mg/ml stock solutions in DMSO. Cycloheximide was stored at 220°C as a 2 mg/ml stock in distilled water. Sources for antibodies are as follows: CD63 (H5C6) mouse monoclonal antibody and LAMP-1 (H4A3) mouse monoclonal antibody (Developmental Studies Hybridoma Bank, The University of Iowa); CD46 mouse monoclonal antibody (gift from Dr. Douglas M. Lublin, Washington University School of Medicine); EEA1 mouse monoclonal antibody (BD Biosciences); goat anti-mouse Alexa Fluo 546-conjugated secondary antibody (Invitrogen). Green fluorescent protein (GFP) antibodies were generated and affinity purified as described (20) and coupled to protein G-conjugated beads (GE Healthcare) (21) .
EXPERIMENTAL PROCEDURES

Materials
Site-directed mutagenesis and vector construction
Plasmids for the expression of the human EGFP-syntaxin 7 and myc-syntaxin 8/pcDNA3 were the generous gifts of Dr. Jerry Kaplan (University of Utah Health Sciences Center) and Dr. Richard Scheller (Genentech). The EGFP-syntaxin 8 expression plasmids used for the studies described herein were generated by subcloning syntaxin 8 from pcDNA3 into the EcoRI and BamHI sites of the pEGFP-C2 vector (Invitrogen). All of the point mutations were created using a QuikChange mutagenesis kit (Stratagene) and verified by nucleotide sequence analysis. Site-directed mutagenesis was performed using the polymerase chain reaction and the oligonucleotide ML1445 5′ CAAATCCAGAAAAACCC-TGCTCATCATCATTCTTATC 3′, and ML1446 5′ GATAAGAAT-GATGATGAGCAGGGTTTTTCTGGATTTG 3′ to change the syntaxin 7 cDNA to code for a leucine instead of cysteine at residue 239 (C239L). Oligonucleotides ML1447 5′ CACCATGAT-
CACCATGATCATCCCAGC AGAGGCTGACTTTCTG 3′ changed the syntaxin 8 cDNA to code for an alanine instead of a cysteine at residue 214 (C214A).
Cell culture and transfection protocols
HeLa cells were cultured in high glucose DMEM supplemented with 10% bovine growth serum, 2 mM glutamine, 150 units/ml penicillin, and 50 units/ml streptomycin. The cells were transfected using Lipofectamine 2000 reagent (Invitrogen) according to the manufacturerʼs protocol. Typically, 3 3 10 5 cells were transfected with 1 mg of DNA and 3 ml of lipofectamine 2000. 
Immunoprecipitation
Transfected Hela cells were washed with 1 ml of ice-cold PBS and lysed in 0.5 ml buffer (25 mM Tris-HCl pH 7.4, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.5% SDS and protease inhibitors 10 mg/ml aprotinin, 10 mg/ml leupeptin, 10 mg/ml lima bean protease inhibitor, 10 mg/ml pepstatin A, and 1 mM phenylmethylsulfonyl fluoride). The cell pellets were homogenized using a 25-gauge needle and syringe and incubated at 4°C using endover-end rotation for 2 h. Insoluble material was removed by centrifugation at 100,000 g in a Beckman TLA-100.3 rotor (20 min at 4°C). The supernatants were immunoprecipitated with GFP antibody covalently coupled to protein G-Sepharose (15 ml packed beads). Immunoprecipitated proteins were subjected to SDS-PAGE and analyzed by Coomassie Blue staining, immunoblotting and fluorography (22) .
Hydroxylamine treatment
Hydroxylamine treatment was performed according to Bizzozero (23) . The immunoprecipitates were divided in half and resolved on separate SDS gels. Following staining with Coomassie Blue, the gels were soaked for 5-10 h in 20-40 vols of fresh hydroxylamine (1 M hydroxylamine, 50% isopropanol, pH7.0) or as a control, 1 M Tris-HCl, pH7.0 containing 50% isopropanol. Both gels were washed four times in 50% isopropanol for a total of 2 days and prepared for fluorography.
Half-life determination of syntaxins 7 and 8
Hela cells were seeded in 35 mm dishes in DMEM media with 10% bovine growth serum and 2 mM glutamine, transfected with syntaxin 7 or 8, wild-type or C239L or C214A mutant plasmids, and incubated overnight. Prior to labeling, the cells were incubated for 1 h in methionine-free medium. Cells expressing syntaxin 7 or 8 were metabolically labeled with 50 mCi/ml of 
BFA treatment
BFA (final concentration of 10 mg/ml) suspended in DMSO was applied to the transfected Hela cells in the [ 3 H]palmitate labeling medium. Control cells were incubated with DMSO.
Immunofluorescence and confocal microscopy
Transfected cells on coverslips were fixed for 15 min with 4% paraformaldehyde and permeabilized using 1% Triton X-100. For CD46 immunofluroescence, the cells were fixed but not permeabilized. Nonspecific binding was blocked using 1% (w/v) BSA for 1 h at room temperature. Cells were then incubated for 1 h with the primary antiserum (anti-EEA1, -CD63, -LAMP1, -CD46, or -myc). Alexa Fluo 546-conjugated secondary antibodies were subsequently added and incubated for 1 h at room temperature. Slides were mounted in Vectorshield and confocal immunofluorescence microscopy was performed using a Zeiss LSM-10 laserscanning microscope. Images were collected at room temperature and represent single equatorial planes obtained with a 3 63 objective. The only image processing was adjustment of brightness and/or contrast in Adobe Photoshop.
RESULTS
Syntaxin 7 and 8 are palmitoylated
To determine whether syntaxin 7 and 8 are palmitoylated, Hela cells expressing GFP-tagged forms of the protein were radiolabeled with [
3 H]palmitate. Radioactivity was detected in immunoprecipitates of GFP-syntaxin 7 and GFP-syntaxin 8 (Fig. 1B) . Covalent attachment of palmitate into proteins occurs primarily through a thioester linkage to cysteine residues and is susceptible to hydrolysis by neutral hydroxylamine (24) . Treatment of radiolabeled GFP-syntaxin 7 and GFP-syntaxin 8 with hydroxylamine led to a loss of the tritium signal on the fluorograms, whereas the protein levels remained unchanged (Fig. 1C) , establishing that the acyl moiety on the syntaxins 7 and 8 was attached via a thioester bond.
Cys239 of syntaxin 7 and Cys214 of syntaxin 8 are at the boundary of the cytoplasmic domain and the C-terminal TMD (Fig. 1A) . To test whether these residues are required for palmitoylation, we replaced C239 of syntaxin 7 with leucine and C214 of syntaxin 8 with alanine. Serine is typically substituted for cysteine when making palmitoylation mutants. However, we chose to avoid introducing a polar residue juxtaposed to the TMD (4) and selected the hydrophobic residues based on nearby sequences (Fig. 1A) . Neither GFP-syntaxin 7(C239L) nor GFP-syntaxin 8(C214A) incorporated radioactive palmitate, demonstrating that palmitoylation is dependent on a cysteine residue adjacent to the TMD (Fig. 1C) .
To determine whether palmitoylation of syntaxins 7 and 8 occurs only on nascent or on mature protein, we performed radiolabeling of cells with [ 3 H]palmitate in the presence of a protein synthesis inhibitor. There was a substantial reduction, but not complete inhibition of palmitate incorporation into GFP-syntaxin 7 and GFP-syntaxin 8 (Fig. 1D) . By contrast, N-Ras palmitoylation was unaffected by cycloheximide treatment (data not shown), consistent with the rapid and stoichiometric turnover of palmitate that has been characterized previously (25, 26) . The data suggest that during a 4-hour labeling period, most of the palmitate is incorporated into nascent protein. However, the residual palmitate incorporation in the absence of new protein synthesis suggests that there may be slow turnover of palmitate on mature syntaxins. This point will be addressed further in the Discussion.
Syntaxin 7 and syntaxin 8 palmitoylation displays differential sensitivity to BFA
We next sought to determine where syntaxin 7 and syntaxin 8 are palmitoylated in cells. By analogy to synapto- brevin (27) , syntaxin 7 and syntaxin 8 are presumed to be tail-anchored proteins that are posttranslationally inserted into the ER membrane prior to their trafficking through the Golgi and sorting into the endosomal compartment. The fungal metabolite BFA blocks transport through the secretory pathway. In BFA-treated cells, there is a collapse of Golgi cisternae into a mixed ER-Golgi compartment and tubulation of the trans-Golgi network and endosomal membranes (28, 29) . Treatment of cells with BFA results in the retention of newly synthesized H-ras (30), the delta opioid receptor (31) and the viral hemagglutin proteins on intracellular membranes (32), but does not affect their palmitoylation. This suggests that the palmitoyltransferases that modify these proteins are present in the mixed ER/ Golgi compartment. By contrast, SNAP-25 palmitoylation is inhibited by BFA and other agents that block movement through the secretory pathway (33) , suggesting that its palmitoyltransferase may be localized distal to the early secretory pathway.
As shown in Fig. 2 , palmitoylation of GFP-syntaxin 7 was substantially inhibited by BFA, whereas GFP-syntaxin 8 palmitoylation was only slightly decreased. The inhibitory effect of BFA on syntaxin 7 palmitoylation was not due to decreased protein expression, as equal amounts of GFPtagged protein were present in the immunoprecipitates in the presence or absence of BFA (Fig. 2) . The differential sensitivity to BFA suggests that palmitoylation of syntaxin 7 and syntaxin 8 occurs in different subcellular compartments.
Palmitoylation does not affect protein turnover of syntaxin 7 and syntaxin 8
Palmitoylation protects the yeast SNARE protein Tlg1 from ubiquitination and degradation (4) . In the absence of palmitoylation, the protein half-life of Tlg1 is reduced substantially. To investigate whether the stability of the syntaxin 7 and 8 are affected by palmitoylation, we measured the protein turnover rates of wild-type and palmitoylationdefective mutants of syntaxin 7 and 8 in pulse-chase experiments. As shown in Fig. 3 , GFP-syntaxin 7(C239L) and GFP-syntaxin 8(C214A) had similar turnover rates to those of the wild-type proteins. These results suggested that palmitoylation does not influence the stability or degradation of the syntaxin 7 and syntaxin 8.
Palmitoylation affects the steady state localization of syntaxin 7 but not syntaxin 8
To study if palmitoylation plays a role in the steady-state localization of syntaxin 7 and syntaxin 8, GFP-tagged forms of wild-type and palmitoylation-deficient syntaxins were expressed in HeLa cells and examined by confocal microscopy. GFP-syntaxin 7 overlapped most prominently with EEA1, an early endosome marker and to some extent with CD63, a late endosomal marker, and the lysosomal marker LAMP1 (Fig. 4A) . The diffuse reticular fluorescence extending throughout the cell likely represents nascent protein in the ER (Fig. 4A ). There was a striking shift in the localization of palmitoylation-defective syntaxin 7 to the plasma membrane (Fig. 4A) . GFP-syntaxin 8 displayed prominent colocalization with CD63 and LAMP1 and less overlap with EEA1 (Fig. 4B) . There was no apparent difference in the localization of wild-type and the palmitoylationdefective mutant of GFP-syntaxin 8 (Fig. 4B) . To further investigate whether mutation of the palmitoylation site alters the subcellular localization of syntaxin 7 and syntaxin 8, we coexpressed myc-tagged wild-type protein with the GFPtagged palmitoylation mutant (see supplementary Fig. I) . Again, we observed that palmitoylation-defective syntaxin 7 was more abundant in the plasma membrane, whereas GFP-syntaxin 8 localization was unaffected by the loss of palmitoylation.
Syntaxin 7 is known to traffic through the plasma membrane (14) . To confirm quantitatively that there was an accumulation of palmitoylation-defective syntaxin 7 at the plasma membrane, we scored cells transfected with GFPsyntaxin 7 for costaining with CD46, a plasma membrane marker (Fig. 5) . Wild-type syntaxin 7 was localized at the plasma membrane in 34 6 6% of the cells, whereas syntaxin 7(C239L) was present on the plasma membrane in 58 6 7% of the cells (.100 cells counted in three independent experiments). These results suggest that palmitoylation is required for normal trafficking of syntaxin 7 through the plasma membrane.
DISCUSSION
The results presented herein demonstrate that the endosomal SNARE proteins syntaxin 7 and syntaxin 8 are palmitoylated at a cysteine residue near the junction of the cytoplasmic and TMD. It is anticipated that this modification will be conserved in many other mammalian SNARE proteins based on the presence of cysteine residues near or in the TMD. In yeast, SNAREs associated with the early secretory pathway are not palmitoylated, whereas SNAREs present in the plasma membrane and the endosomal network are modified (4, 13) . This dichotomy suggests that palmitoylation may facilitate sorting of TMD SNAREs into thicker, sterol-rich membranes. Based on sequence, the mammalian SNAREs do not fit this model. Syntaxin 3 and Syntaxin 2 (isoform 2) are localized in the plasma membrane and do not have cysteines within the last 50 amino acids of the proteins, whereas Bet1 and GS15, SNAREs associated with the intermediate and Golgi compartments, have cysteine residues near the cytoplasmic end of the TMD (7) . Further documentation of the mammalian palmitoylproteome will be required to identify the full complement of palmitoylated SNAREs.
Palmitoylation of proteins can be stable or dynamic. Viral glycoproteins and caveolin are examples of proteins that are stably palmitoylated, and no palmitate incorporation is detected in the absence of new protein synthesis (32, 34) . In contrast, many signaling proteins cycle between membrane compartments using an acylation/deacylation cycle that occurs on the time course of minutes (26) . Accordingly, palmitate incorporation is unaffected by the presence of protein synthesis inhibitors. With syntaxin 7 and syntaxin 8, we found that there was a substantial reduction of palmitate incorporation in the presence of cycloheximide, but it was not complete. We suggest three possible explanations for palmitate incorporation into syntaxin 7 or syntaxin 8 in the absence of new protein synthesis. First, palmitoylation could be turning over at a slow rate. Second, there could be two pools of syntaxin: one that is stably palmitoylated and another that undergoes palmitate turnover. Third, syntaxin 7 or syntaxin 8 might be modified more than 1 h after synthesis.
Palmitoylation is emerging as a mechanism to regulate protein stability. The yeast SNARE Tlg1 is protected from ubiquitination and degradation when palmitoylated (4) . Exit of the integral membrane proteins CHS3 (35) and LRP6 (36) from the ER is also dependent upon modification with palmitate. We tested whether palmitoylation had an impact on the protein half-life of syntaxin 7 or syntaxin 8. Blocking palmitoylation by mutation of the modified cysteine did not shorten the protein half-life of syntaxin 7 or syntaxin 8, nor did it result in accumulation of the protein in the endoplasmic reticulum or Golgi apparatus. Thus, palmitoylation does not appear to be required for syntaxins 7 and 8 to bypass the quality control machinery of the cell, as is the case for the yeast SNARE Tlg1.
The differential sensitivity of syntaxin 7 and syntaxin 8 palmitoylation to BFA was surprising. We anticipated that syntaxin 7 and syntaxin 8 would undergo similar posttranslational processing with palmitate. The presumptive biosynthetic pathway for both proteins is posttranslational insertion into the ER and transport to the endosomal network via the secretory pathway. However, there must be some divergence in the trafficking of syntaxin 7 and syntaxin 8 because we observed that syntaxin 7 was more prevalent in early endosomes, whereas syntaxin 8 was associated with late endosomes at steady state. We also observed that when palmitoylation was prevented by mutation, syntaxin 7 and syntaxin 8 displayed different phenotypic consequences. Syntaxin 7 accumulated in the plasma membrane, whereas the steady-state localization of syntaxin 8 was unperturbed. Hence, syntaxin 7 and syntaxin 8 sample different membrane compartments, each potentially with its own complement of palmitoyltransferases.
The palmitoylation of proteins known to be modified early in the secretory pathway is unaffected by BFA treatment (30) (31) (32) . Similarly, syntaxin 8 might be modified in the ER or Golgi. The BFA sensitivity of syntaxin 7 palmitoylation is similar to that of SNAP-25 (33) . Recent studies in Drosophila point to HIP14 (DHHC17) as the palmitoyltransferase that modifies SNAP-25 (37, 38) . The localization of HIP14 in vesicular structures distant from the cell body may explain the requirement for an intact secretory pathway for SNAP-25 palmitoylation. We anticipate that syntaxin 7 is palmitoylated by palmitoyltransferase localized in a post-Golgi compartment.
An interesting phenotype was observed for the syntaxin 7 palmitoylation mutant. In the absence of palmitoylation, syntaxin 7 accumulated on the plasma membrane. Although localized primarily in early and late endosomes, syntaxin 7 is known to traffic through the plasma membrane (14) . It is unknown whether this represents nascent syntaxin 7 that is delivered to the plasma membrane and then sorted to endosomes or if syntaxin 7 recycles from the plasma membrane to endosomes. In either case, the absence of palmitoylation results in the accumulation of syntaxin 7 at the plasma membrane, suggesting that it is important for efficient clearing from the plasma membrane and delivery to endosomes. It is notable that Swf1, the palmitoyltransferase responsible for yeast SNARE palmitoylation, has recently been shown to localize in cortical puncta and colocalize with actin patches (39) . Actin patches form on the plasma membrane at sites of endocytosis and bud off with endocytic vesicles (40) . It is interesting to speculate that syntaxin 7 encountering its cognate palmitoyltransferase at sites of endocytosis might underlie its recruitment to an endocytic vesicle for transit to early endosomes. Future studies will address which of the 23 mammalian palmitoyltransferases are responsible for syntaxin 7 and syntaxin 8 and help resolve the question of where syntaxins 7 and 8 are palmitoylated in the cell.
Note Added in Proof
Evidence that endogenous syntaxin 7 and syntaxin 8 are palmitoylated was recently published in a global analysis of the neuronal palmitoyl-proteome (Kang R., J. Wan, P. . Plasma membrane localization of wild-type and palmitoylation-defective syntaxin 7. Hela cells were transfected with wild-type or mutant GFP-tagged syntaxin 7. One day later, cells were processed for GFP epifluorescence and immunofluorescence with the antibodies to the cell surface protein CD46 (red). The cells were examined by confocal microscopy. Yellow represents the overlapping areas in merged images.
